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disappointing, mainly due to a gradual loss of efficacy over time [4, 5] . In a prospective Danish registry, etanercept had a limited drug survival with a median survival of 30 months after a 10-year follow-up. Loss of efficacy was the primary reason for 67% of discontinuations for all biologics [6] [7] [8] .
Etanercept binds and neutralizes TNF-α via a recombinant soluble p75 TNF-α receptor fused to an IgG1 constant chain and combines a satisfactory efficacy with a favourable safety profile [9] . Despite the increasing use of interleukin-12/23 and interleukin-17 inhibitors in the treatment of psoriasis, etanercept is still widely used in clinical practice. Several studies have shown that after 12 weeks of treatment with the recommended induction dose of 2 × 50 mg/week, approximately 50% of the patients achieve a 75% or greater improvement in their psoriasis area and severity index (PASI-75 response) [9] [10] [11] [12] . After the induction phase of 2 × 50 mg weekly, current guidelines and the label recommend reducing the dose of etanercept to 1 × 50 mg weekly from week 12 onwards [13] . However, at this once weekly dosage, the clinical response deteriorates in many patients. Van den Reek et al. [7] showed that 33.7% of patients discontinued etanercept because of deterioration of their psoriasis at this dosage. An option to counteract this loss of efficacy is to combine etanercept with other systemic agents [14] [15] [16] [17] . The ester derivatives of fumaric acid are mainly used in the Netherlands and Germany as a first-line systemic drug for moderate to severe psoriasis. Fumaric acid esters, or fumarates, have been in use for the treatment of psoriasis for over 4 decades and are considered safe and effective as long as the treatment guidelines are followed [18] [19] [20] [21] [22] . The fumaric acid ester derivative dimethylfumarate is metabolized in the body to monomethylfumarate, which is regarded as the most bio-active metabolite. In daily clinical practice, we noted in some patients that the addition of oral fumarates to etanercept 50 mg once weekly improved the clinical response and drug survival [pers. unpubl. observation]. At present, evidence supporting the safety of the combination therapy of etanercept and fumarates in psoriasis is virtually lacking. Therefore, it is not recognized as a feasible treatment option among dermatologists. In this exploratory study the key objectives were to evaluate the efficacy, safety and tolerability of the combination therapy of etanercept with fumarates in psoriasis. 
Methods
For further details, see the supplementary materials (for all online suppl. material, see www.karger.com/doi/10.1159/000448135) ( fig. 1 , 2 ; online suppl. fig. 1, 2) .
Results

Patients
In total 33 patients were enrolled: 15 patients were randomized to etanercept monotherapy and 18 patients to combination therapy with etanercept and fumarates.
Patient demographics and baseline disease characteristics are shown in table 1 . At baseline only the body mass index and previous use of biologics differed significantly between the combination and monotherapy groups (p < 0.05). The flow chart in figure 2 shows the number of patients who were enrolled and dropped out from the study together with the reasons for discontinuation. Twentytwo out of 33 patients (67%) finished the entire study. In the monotherapy group, 9 of 15 patients (60%) completed the study and in the combination therapy group 13 of 18 patients (72%; p = 0.71).
Clinical Efficacy
The PASI-75 response is presented in table 2 for both groups. The difference between the two groups was not statistically significant at all time points. In both groups, all patients showed a clear improvement in their PASI score from baseline. The longitudinal analysis demon- 410 strated a reduction of the PASI score for the combination therapy and monotherapy group from baseline up to week 48. All observations were made in a 4-week period separated into two groups; the medians per group per time are shown in figure 3 . The reduction in the PASI score per week for the combination therapy was 5.97% (95% confidence interval, CI: 5.08-6.85) and in the monotherapy group 4.76% (95% CI: 3.57-5.93; p = 0.11). In the online supplementary data, figures 1 and 2 show the changes in the PASI score per patient. Five patients who did not respond sufficiently to monotherapy were switched to combination therapy at week 24 according to the protocol. Only 1 out of 5 switchers achieved a PASI-75 improvement after 24 weeks of combination treatment.
The proportion of patients with a Physician Global Assessment (PGA) score of clear or almost clear is presented in table 2 .
The drug survival in the monotherapy group was 60% after 48 weeks. Nine out of 15 patients (60%) remained under etanercept therapy after 48 weeks. The drug survival in the combination group was 72%. Thirteen out of 18 patients (72%) remained under etanercept with fumarate treatment after 48 weeks. The drug survival was not significantly different for the combination therapy group compared with the monotherapy group: 72% (95% CI: 51-93) versus 60% (95% CI: 35-85), with p = 0.71.
The time to the onset of action was 9 weeks for both groups. 
Adverse Events
The most frequently reported adverse event in the monotherapy group was flu-like symptoms, present in 9 versus 14 in the combination therapy group. Gastrointestinal complaints (38), consisting of diarrhoea and abdominal cramps, were most frequently observed in the combination therapy group compared to the monotherapy group (1). One patient developed iron deficiency anaemia, which was caused by a carcinoma of the rectum.
This was diagnosed after the patient had finished the study and was considered not to be related to the study medication. None of the (severe) adverse events led to discontinuation of the study. No leucopenia and/or lymphopenia was observed in either treatment group. All adverse events are listed in table 5 .
Discussion
In this exploratory randomized study we prospectively compared the clinical efficacy, safety, and tolerability of etanercept with oral fumarates in combination therapy with etanercept monotherapy per label up to 48 weeks of treatment. The assumption was that addition of fumarates would be a safe and low-cost option to increase the clinical efficacy and drug survival of etanercept. The primary outcome of this study was that the combination treatment led to a numerically higher efficacy compared to etanercept monotherapy (78 vs. 57% PASI-75) at week 24. However, the numerical differences in efficacy were not statistically significant. Also the longitudinal analysis The results of a longitudinal analysis using a linear mixed model demonstrating the reduction of the PASI score for the combination therapy and monotherapy groups from baseline up to week 48. All observations were made in a 4-week period separated into two groups; the medians per group per time are shown in the graph. We used log-transformed PASI in the regression model to achieve changes to be relative. This is consistent with presenting medians at the original scale. using a linear mixed model analysis yielded no significant differences in efficacy between the two treatment groups.
Using the PGA as a secondary outcome measure, the combination therapy with fumarates resulted in a trend towards better efficacy during the first 24 weeks compared to etanercept monotherapy. The 94% of patients with a PGA of clear/almost clear in the combination group were remarkably high, and the difference with the monotherapy group approached statistical significance. Furthermore, the DLQI and visual analogue scale score did not differ between the two groups, suggesting that concomitant use of fumarates (and related side effects) did not negatively affect the quality of life and treatment satisfaction in our patients.
The efficacy rates observed in our study [23] are comparable with those of Gottlieb and his group [9, 12] whereby 239 patients were randomized to etanercept monotherapy or etanercept with methotrexate (MTX). After 24 weeks, the PASI-75 was significantly higher in the etanercept with MTX group than in the etanercept monotherapy group (77.3 vs. 60.3%; p < 0.0001).
In daily practice MTX is more frequently combined with biologics than fumarates, because it is assumed that (low-dose) MTX increases the clinical efficacy of biologics by reducing the development of antidrug antibodies [23, 24] . Anti-etanercept antibodies have only sporadically been observed in clinical studies, indicating that loss of clinical efficacy for etanercept is probably caused by other, yet unidentified factors [25] . We argued that for improvement of the clinical efficacy of etancercept, inhibition of antidrug antibodies was less important, and that combination with oral fumarates could have an additive clinical effect.
Wilsmann-Theis et al. [26] performed a retrospective study on combination therapies in which they concluded that fumarates could be safely combined with biologics in an off-label real-life setting. Although a similar fumarate dose of 4 times 215 mg a day as in our study was used, their study comprised only 4 patients with fumarates in combination with etanercept. In 2 cases, fumarates were added to etanercept treatment, while the other 2 patients had started on fumarates and were subsequently treated additionally with etanercept. Only 2 of the 4 cases showed a good clinical response to the combination treatment after 6 months and 2 years [26] . Fumarates have also been used in combination with other systemic agents such as cyclosporin, acitretin, hydroxyurea and MTX [27] . However, no prospective randomized clinical trials were performed to evaluate the efficacy and safety of these combinations [28] . This is the first prospective randomized trial to show that combination therapy with fumarates appears to be relatively safe and to have an acceptable tolerability up to 48 weeks. Since higher doses of fumarates are known to be associated with an increased incidence of side effects, an adjusted dose of up to 215 mg 4 times a day was used instead of the commonly used maximum dose of 6 tablets a day. We believe that therefore no patients had to discontinue treatment with fumarates because of side effects. A common and potential serious side effect of fumarates, leucopenia and/or lymphopenia, was not observed in any of our patients during the 1-year course of the study either. This is particularly of interest because of the recently reported cases of progressive multifocal leucencephalopathy in long-term fumaric acid users. It has to be noted that most of the reported progressive multifocal 413 leucencephalopathy cases were lymphopenic for a prolonged period. It is remarkable that the occurrence of gastrointestinal side effects in the combination therapy group did not lead to a significantly altered quality of life, as expressed by the DLQI, or less treatment satisfaction. When a higher dose had been used, we potentially could have achieved a higher efficacy and statistically significant differences between the two groups. However, this could also have resulted in more drop-outs because of fumarate-related side effects.
This study was performed in a real-life clinical setting and was therefore confronted with some practical clinical limitations from daily practice. First of all, we had issues with patient compliance. Three patients (1 in the monotherapy and 2 in the combination therapy group) decided, for personal reasons and despite a clear/almost clear clinical response at week 24, to withdraw consent and to discontinue the study. Secondly, the combination therapy group contained significantly more patients who had previously used and failed one or more biologics, namely 56% against 20% in the monotherapy group. Several studies have shown that patients with prior use of biologics have a shorter drug survival in comparison with biologic-naïve patients [7, 29, 30] . However, in daily clinical practice nonnaïve patients also require treatment. Furthermore, patients were not blinded to treatment as we did not use placebo fumarate tablets in the etanercept monotherapy arm. However, the 'blinding effects' of placebo tablets would have been minimal due to the high frequency of gastrointestinal complaints typically associated with fumarates. Finally, in the etanercept monotherapy group, 5 patients were switched to the combination therapy because of inefficacy. However, only 1 of these 5 patients showed a clear improvement after the addition of fumarates to etanercept, the other 4 had persistent brittle psoriasis and did not achieve a PASI-75 response and had to be switched to other biologics after week 48. These 4 patients were notorious therapy-resistant patients who had failed several other antipsoriatic therapies including biologics.
In conclusion, in this study, using the PGA, the combination therapy showed a trend towards a faster rate of improvement in the first 24 weeks. The difference in PASI score between the two groups was not statistically significant. Addition of fumarates to etanercept for 48 weeks appeared safe with an acceptable tolerability.
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